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Seasonal Changes in Trans-Aconitate and
Mineral Composition of Crested Wheatgrass

in Relation to Grass Tetany

D. M. STUART, H. F. MAYLAND, AND D. L. GRUNES

Highlight: Grass tetany (hypomagnesemia) frequently occurs from March through with rapid growth when moisture is ade-
June .in cattle graz~ng crested wheatgrass in ~estern United S.tates. High leve~s of.trans- quate (Kemp and 't Hart, 1957). During
acomtate and/or citrate, K, K/(Ca + Mg) ratios and low Mg In the grass are Implicated dry years incidence of tetany is much
in the etiolog>: of the ~isease. In the moist !967 season,. during perio.ds of ':flush" lower. High rates of K and N fertilization
growth followIng warming trends, trans-acomtate and K Increased while Ca and Mg d 1 ~ Mal. 1 ddecreased in crested wheatgrass. These characteristics may explain the incidence of an ow orage g are so mvo ve
grass tetany during periods of ':flush" growth. During the dry 1968 season, these (Kemp, 1958, 1960). The Mg.content of
trends were not observed. Growth chamber studies confirmed some of the reasons for grass tetany-prone pastures IS between
changes in crested wheatgrass composition observed in 1967 and 1968. 0.07% and 020% dry weight basis, with

averages of 0.17% for the Netherlands
Grass tetany (hypomagnesemia), a northeastern part of the state (un pub- (Kemp and 't Hart, 1957) and 0.145% for

metabolic disorder of ruminants, fre- lished Nevada State Office, BLM Report). Scotland (Butler, 1963). The critical level
quently occurs from March through June Most reported cases were on crested is controlled by the relative availability of
on pastures of crested wheatgrass wheatgrass, but losses also happened on Mg to the animal. Ratios of K/Ca + Mg)
(Agropyron desertorum) and other native grasses. Tetany occurs in north- (expressed as meq/kg) greater than 2.2
grasses in the western United States eastern Nevada in early spring or late have been related to the occurrence of
(Grunes et al., 1970). In the last 10 years winter when cows are fed grass hay. tetany (Kemp and 't Hart, 1957).
at least 470 known cases of tetany and Hjerpe (1964) reports tetany to be a More recently, trans-aconitate of 1%
many suspected cases were noted in major problem in California, with losses or more in grass has been associated with
northern Nevada, mainly in the extreme estimated at 4,000 to 6,000 head during tetany (Burau and Stout, 1965; Stout et

the winter of 1963-64 and sporadic al., 1967). Also, the dietary intake of 1 %
The author.s are soil scientists, Agricultural losse.s reported annually. Losses also oc- citric acid, as ~odi~m citrate, reduced the

Research ServIce, u. S. Department of Agri- cur m Idaho and Utah. Tetany may be Mg concentratIon m the blood serum of
culture, located at, respectively, Soil and Water al t d . th h . (B Th )Research Division, Reno, Nevada; Snake River prev en unng e autumn mont s, rumInants urt and omas, 1961.

Conservation Resea!ch Center,.~imberIY, Idaho; especially on regrowth after late summer Bohman et at (1969) induced tetany in
and U. S. Plant Soil and Nutntlon Laboratory, sh .. .. . . .
Ithaca, New York. owers. COWS by gIVIng cItrIC or trans-acorutlc acId

The paper is a con~ribution of the Soil and Induction of the disorder involves and KCl as an oral drench. For a compre-
Water Conserv. Res. DIV., Agr. Res. Serv., U. S. man fact A so t th t h . . f h dDep. Agr., in cooperation with the Nevada y ors. mong lac ors a pro- enslve revIew 0 grass tetany, t e rea er

Agricul.tural Experiment Station, Reno, as jour- mote tetany are low temperatures or a is referred to the article by Grunes et at
naISerlesNo.136. h f 1 high (97)T . .

Manuscript received February 28, 1972. C ange rom ow to temperatures 1 o. he objective of this study was to
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prone pastures of the Netherlands and 0.6 crested wheatgrass. The Ca concentration
Scotland. Magnesium reached tetany- ~ 0.4 6.ta of the fertilized grass dropped about 3

"
Prone levels (0.09 to 0.12%) following '£ 0.2 ~"'6 6-6-6___6"-6__-6_--6-- da

y s sooner than in the nonfertilized
---0 "'0-0-_0_0_6-the increase in temperature. .. 0.0 -0- grass. The change in Mg was not as great

The ratio of K/(Ca + Mg) was low until - 2.5
1 ./ "--"'.~-.-~-i as in Ca, but Mg concentration of both

the temperature increased and then rap- ~ 2.0 / 0-0""0 0-0-6 0 the fertilized and nonfertiIized grass was
idly increased to tetany-prone levels. ~ 1.5 lowest about 14 days after temperature
Following the increase in temperature, ~ 1.0 was increased.
K/(Ca + Mg) was significantly higher (1 %) 2.5 As the cool period continued, K be-
than before the temperature increase. ~ 2.0 6~ K _6---"'~-._, came progressively lower in both the
Chloride levels were 0.75% at the begin- '£ 1.5 6--'- 6':':':T:-A-:"-"-0-, ~ fertilized and nonfertilized grass. About 6

1 0 . . "' 0_0ning of the season, fell to 0.5%, and rose" 0:5 0- " days after temperature and light were
to 0.64% at the end of the season. 30 increased, K increased rapidly in the
Sodium was low, less than 0.09%, u 20 .0,00'.-6...6 0' " fertilized grass and remained about the

throughout.th~ season. . .'~ 10 6--~~.x::.,.__6."6'" 0-0 0-0-0- same in the u~fe~ilized. In .the fertiliz~d
The rapId Increase In blade length IS .- 0 O~~O-O /0_0_0'" grass, K was sIgnIficantly higher (5%) In

indicative of the period of "flush" growth -10 the warm period; in the nonfertilized
following the general rise in air tempera- ~ 30

1 .--c-c j grass, the reverse was found. Trans-
ture about May 5. ~!!. 20 _6-0- aconitate concentration also increased

4~ ---0The dry 1968 season produced plant ~~ 10 _0_0-0-0-0 about 6 days after temperature and light
composition patterns that were different ~ 0 0 4/3 4/18 5/3 5/18 were increased. The differences in trans-

from those of the moist 1967 season (Fig. aconitate between the cool and the warm
2). Excluding the first sampling date, K Fig. 2. Relation between air temperature periods were significant in the unferti-
and trans-aconitate values tended to par- (15 cm above soil surface), Ca, Mg, K, trans. lized grass but not in the fertilized grass.
allel each other until soil moisture was aconitate (T. A.), K/(Ca + Mg} (meq/kg) and Potassium and trans-aconitate con centra-

. . blade length in crested wheatgrassat Orovada,. d d III h th . depleted dunng the first week In Mayo N S . 1968 tlons ten e to para e eac 0 er mev. pring. " iI . When the temperature increased, K and lert. lZed grass.

trans-aconitate increased; but when ~ois- (1%) lower during the dry 1968 season, The ratio of K/(Ca + Mg) also in-
ture stress developed, trans-acorntate but no difference was found between the creased between 6 to 10 days after
decreased. Abo~t ? week .later K also cool and warm periods. The K/(Ca + Mg) tempera.t~re and light w~~e increased in
decrea~ed. No slgn1fica~t dIfference was ratios reached a peak at the beginning of the fertilized and non~ert.ruzed grass.. The
found In K or trans-a~orntate between the the season and declined slightly when the K/(Ca :. Mg) was slgn1fican~~ higher
c.ool. and w~rm peno~s. There wa~ no grass showed moisture stress. The ratios (nonf~rtilized 5% l~vel, fertilIzed.. 1 %
sIgnificant dIfference In trans-acorntate never reached more than 2.0 and there level) m the warm penod. In the fertll,lZed
b.et~een the dry and wet ~ears, but K was was no significant difference between the grass, the ratio. incre~sed more. rapidly
slgnlficant~y (1%) lower m th.e d.ry year. cool and warm period in the dry year. and reached a hIgh pOInt of 4.0 m about

MagnesIum and Ca were sIgnificantly There was also no significant difference in 15.days. After the peak was reached, the
maximum K/(Ca + Mg) ratios in the wet ratio dropped to about ~.5 and stayed

!i o. 0--6 ~~6 (1967) and dry year (1968). Chlorides ther~ for the remamder of the
~ o. Mg ---6 were slightly lower (approx. 0.5%) than expenment.

.. ~:~ --0-0-0-0-0_0_6~0- in the wet year and remained essentially Discussion

2.5 unchanged throughout the season. .
If 2.01 ~._~./'-"-"--1 0_0,0'6- Sodium was also lower than in the pre- Dunng 1967, outbreaks of ~rass tetany

~ 1.5 / vious season (less than 0.04%) and re- occurred the week of May 16 m northern
~ 1.00-"- -0 _0 mained essentially constant. Nevada (about 25 km north of the plots)

2.5 Blade length did not increase as rap- and southern Idaho. This was the first
!i 2.0 .--6~~K , /6."'-60" idly and was not as great following the week with minimum temperatures above
~ 1.5 -oQ'.~::::::.""6---::=-0_0'0" temperature increase in 1968 as in 1967 0° C. A few cases of tetany are normally.. 1.0 6-6- 0""'" because moisture stress symptoms had reported each year on seedings adjacent

0.5 begun to develop. Crested wheatgrass did to the sample plots. In 1967, ranchers in
30 ,"" -'6, not show any sustained period of "flush" this area delayed turn-out until the tetany

"0' 20 mo.. 6 ,/.'".-1" growth in 1968. season had passed and thus avoided the
~ 10 6.-~6-_6-- "-6".6...6".6' /0-0- In the growth chamber experiments, possibility of high death losses. No cases

-1~ 0~~...0__0_--0__0_0_6 Ca and Mg in both the fertilized and of tetany were reported during the dry
3 n on fertilized crested wheatgrass de- spring of 1968 in the Orovada area.- °

1=;;:-::;;.:-:-.:;;;/-':~1 ~!!. 20 ..-6 0- creased about 6 to 10 days after tempera- However, in the wetter parts of northern
~~ 10 0 0_0-0_0_0 0/ ture and light had been increased (Fig. 3). Nevada and southern Idaho, outbreaks of
~ 0 0- - The difference in Ca and Mg between the tetany were reported shortly after May 1,

4/18 5/3 5/18 .
cool and warm periods were significant when temperatures started to TIseo

Fig. 1. Relation between air temperature (1 %) for the nonfertilized crested wheat- In the moist spring of 1967, the
(15 cm above soil surface), Ca, Mg, K, trans- grass. The differences were also signifi. tetany-prone period began about a week
aconitate (T. A.), K/(Ca + Mg} (meq /kg) and cant at the 1 % level for Ca and significant after the temperature changed from cool
blade length in crested wheatgrass at Orovada, th Sot 1 1 " M . th " tiI.

d to arm At thi s t ime some of the factors

Nev. Spring 1967. at e /0 eve lor g m e ler lZe w.
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Fig. 3. Changes in Ca, Mg, K, trans-aconitate
0 5 (T. A.), and K/(Ca + Mg) (meq/kg) in crested
. I Ca.' I I I wheatgrass grown in a growth chamber, when

..~. / \ ..1 I : 1 changed from a cool (-1 C to 7 C) low light
0.4 1\.' ~ I I. I. (10,750 lux) regimen to a warm (6Ct027C),

I. :..'.\ I f \ Ca ..-J.( \ high light (21,500 lux) regimen. After the
I : "..\ ! I '\ I I . first cycle, grass was clipped and fertilized~ 0.3 I 1 , . I I . .~\ / ' with diamonium phosphate,

.. I I .' "I I .0 I - . I ,./I M ~ ~..AI I I M'..
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...: 2.0 b T.A. 1 ,0.000 o! : T.A, ! ~ /o::P-o"'o tetany inciting factors, in addition to
~ 1 "o.o'o-O°'1-Q:j I t.o_o" /p, ojD 00.0 those explained by the changes in elemen.
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I : : I: 0 Harding, and D. L. Grunes. 1969. Induction

4.0: : 1 Grass cl ipped I : /0' \ of experimental tetany in cattle. J. Anim.: I I I I 0.0 . 2 . 902I I I and I I 0 o.d o-c/ SCI. 9.9 -1 .
-0; : ! 0, ,1 . . : ! ~ Brown, J. G., and R. K. Jackson. 1955. A note
~ 3.0 I I Q 10 I fert,l,zed b I ~ on the potentiometric determination of
+ I~ I /'00 I 1\ 0' r
00 1 0 I C c' -c I with I c-c"" '1c-d:J chloride. Amer. Soc. Hort. Sci. Proc.

U I .c, C 1/ CoO I I I 65.187~ 2.0 I C' ~ I dianlnonium 110750 I . .
~ I I 1 I L ! 21 500 L Burau, R. G. 1969. Polarographic estimation of

110,750 Lux! 21,500 Lux! phosphate I ux 1 ' ux aconitates in plant materials. J. Agr. Food

1.0 :-1 to 7°C: 6 to 27°C :; ~1 to 7°C; 6 to 27°C Chern. 17:1332-1334.
: I I WARM I I Burau, R. G., and P. R. Stout. 1965. Trans-

WARM! COOL 1 WARM I I COOL I aconitic acid in range grasses in the early
0 0 40 50 6 0 130 140 spring. Science 150:766-767.
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